Psoriasis is a chronic inflammatory disease affecting 2-3% of the world's population. Clinically, skin inflammation is mirrored by infiltrated erythematous papules and plaques with silver-white scaling. At the cellular level T lymphocytes are considered as the key immunological players. Commonly used and emerging therapeutic strategies accordingly rely on the inhibition of proinflammatory cytokines, amongst others tumour necrosis factor (TNF)-α and interleukin (IL)-17. Al though B cells are assumed to play a role in cutaneous immunity, both in malignancy, e.g. melanoma (1, 2) , and in particular autoimmune skin inflammation, e.g. lupus erythematosus (3), they have been littlestudied in the pathogenesis of psoriasis (4). To elucidate the potential impact of B cells in psoriasis we performed a systematic longitudinal analysis of B-cell subpopulations and corresponding immunoglobulin (Ig) levels.
METHODS
Heparinized peripheral blood was collected from 34 patients (18 males and 16 females, mean age 50.6 ± 15.4 years) with moderateto-severe plaque psoriasis defined by a Psoriasis Area and Severity Index (PASI) ≥10 (mean PASI 15.6 ± 6.1). Patients were naïve to or off systemic therapy for at least 4 weeks. Longitudinal analyses were performed on 18 patients who achieved a PASI improvement of at least 75% upon treatment. Thirty-four healthy volunteers served as controls (16 men and 18 women, mean age 46.9 ± 15.7 years). Individuals with acute infections and recent vaccinations were excluded from the study.
Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll gradient centrifugation. B cell subsets were evaluated using flow cytometry (BD FACS Canto, Becton Dickinson GmbH, Heidelberg, Germany) and differentiated via surface immunolabelling according to the gating strategy outlined in Fig. S1 1 . IgM, IgA, IgE and IgG serum levels were measured using cytometric bead assays (BD Pharmingen Becton Dickinson GmbH).
The experimental protocol was established according to the Declaration of Helsinki guidelines and approved by the ethics committee of the University of Würzburg (#254/13). Written informed consent was obtained from patients and healthy volunteers. Human material was stored according to the standards of The Interdisciplinary Bank of Biomaterials and Data Würzburg (ibdw) at the University Hospital Würzburg (see: www.ibdw.uk-wuerzburg.de).
Statistical analyses were performed using GraphPad (Prism) software, version 5.0. Data are presented as mean ± standard deviation (SD). Unpaired t-test was applied for comparison of controls and patients. Paired t-test was applied for longitudinal data. p-values < 0.05 were considered statistically significant.
RESULTS
Percentages of total B cells were lower in patients with moderate-to-severe psoriasis compared with healthy individuals ( Fig. S2A 1 ) . Further analysis showed significantly elevated percentages of transitional B cells (trB) in line with earlier reports (5) . Naïve mature B cells (NM) were moderately increased, memory B cells (M) and total plasma cells (PC) were significantly lower in patients with psoriasis. Investigation of PC in detail revealed that long-lived PC did not differ. However, plasma blasts (PB) were significantly elevated in individuals with psoriasis, indicating a pronounced activation of this short-lived Abproducing PC subset ( Fig. S2B 1 ) . In agreement with this, serum concentrations of IgA, but not of IgG, IgM and IgE, were significantly increased ( Fig. S2C 1 ) . This observation hints at immunological processes in psoriasis that drive the generation of IgA.
Determination of B-cell subsets upon successful treatment (at least 75% reduction in pretreatment PASI) revealed a clear shift towards the conditions found in healthy individuals ( Fig. S3A-B 1 ). Most importantly, total PC were found to be unchanged, but in-depth analysis of the PC pool showed that short-lived PB decreased significantly, while long-lived PC increased moderately. Interestingly, IgA levels remained elevated upon successful treatment (Fig. S3C 1 ) .
DISCUSSION
In peripheral blood of patients with moderate-to-severe psoriasis altered frequencies of B-cell subsets and altered serum IgA levels were observed. Upon successful treatment B-cell subsets normalized, whereas the IgA serum concentration remained elevated. These results favour the idea that B lymphocytes may play a role during the generation and/or maintenance of psoriasis.
B cells have largely been neglected in studies of psoriasis, potentially owing to their limited presence in involved psoriatic skin. This, however, does not necessarily exclude a role in the pathogenesis: comparative immunohistochemical analysis of psoriatic plaques and lesional skin of patients with acute SLE showed both equally low numbers of B cells (author's unpublished observation). Although SLE is undoubtedly considered a B-cell-driven disease (6) (7) (8) (9) .
TrB, characterized by CD19 + CD24 hi CD38 hi surface expression, are assumed to play a role in autoimmune diseases, such as in SLE and psoriasis (10) . In healthy individuals the regulatory capacity within the trB population has been attributed to increased secretion of IL-10, thereby controlling pathogenic Th1-and Th17-driven immune responses (3, 11) .
Both in patients with active SLE (3) and in humans with psoriasis, trB were described to be significantly elevated and the IL-10-producing B-cell subset reduced (5) . In addition, our group recently demonstrated the immunomodulating effect of IL-10-secreting B cells in the widely accepted Aldara (imiquimod)-induced mouse model of psoriasis-like skin inflammation (12) . The importance of IL-10 is strengthened by therapeutically successful subcutaneous administration of IL-10 in patients affected by psoriasis, which resulted in clinical improvement and a shift from inflammatory (e.g. TNF-α and IL-2) to regulatory cytokine (e.g. IL-4 and IL-5) secretion in peripheral blood (13) . Our analysis confirmed a significant elevation of trB in peripheral blood of patients with psoriasis. As assumed for SLE (3) a functional impairment of the active subset or the dominance of the inactive B-cell subset might affect psoriatic skin inflammation. Otherwise, interactions with either stimulatory or inhibitory cells or molecules might influence inflammatory processes. For example, NFATc1 is a transcription factor, which controls the activity of regulatory B cells by suppressing IL-10-production in the above-mentioned imiquimod-driven psoriasis-like skin inflammation mouse model (12) .
Decreased peripheral blood levels of M and, in part, PC might be due to an accumulation of these cells in lymphoid tissue and psoriatic skin for the process of generating an immunological memory during the inflammation process. High levels of serum IgA refer to the existence of an unknown, but potent, stimulus that is driving activation of PB. Persistent high levels of IgA upon amelioration of skin inflammation might be due to a shift from short-lived PB to long-lived PC.
IgA is the predominant antibody of mucosal immunity (14) . Due to activation and conditioning by their local microenvironment Peyer's patch-derived dendritic cells allow naïve B cells to convert into IgA-producing B cells (15) . The inflamed microenvironment in psoriatic skin, in some respect (e. g. disturbed epidermal barrier) possibly resembling that of intestinal mucosa, might influence and promote activation of IgA-producing cells in psoriasis.
Although T cells might be dominant in the pathogenesis of psoriasis alteration of B-cell subsets and, in particular, up-regulation of trB, short-lived PB and IgA might be part of an inflammation-induced compensatory mechanism, which aims to: (i) repress detrimental and pathogenic effects of Th1-and Th17-cells (e.g. secretion of TNF-α and IL-17), (ii) strengthen protective, regulatory effects of T cells (e.g. secretion of IL-10), and (iii) counteract yet not identified antigens. However, although our data corroborate the idea of B cells being part of a complex immunological network contributing to the pathogenesis of psoriasis, larger cohort studies have to determine the precise role of B cells, preferentially by addressing potential specific antigen(s) and pathogenic autoantibodies, as well as in-depth skin analyses, to substantiate the concept of psoriasis as an autoimmune (skin) disease.
